Background: Emergence delirium is a behavioural disturbance after general anaesthesia in children that can distress patients, parents, and primary caregivers. We hypothesised that listening to the mother's recorded voice can reduce ED compared with listening to a stranger's recorded voice. Methods: This prospective, double-blind, randomised study was conducted in 2-to 8-yr-old patients who had undergone general anaesthesia. Sixty-six patients were randomly assigned to listen to either the mother's voice (Group M, n¼33) or a stranger's voice (Group S, n¼33). The primary outcome was the initial paediatric assessment of emergence delirium (PAED) score on arrival at a postanaesthesia care unit (PACU). Other outcomes were the incidence of emergence delirium; Watcha, PAED, and pain scores; PACU stay time; durations between cessation of anaesthetics and bispectral index (BIS) levels of 60, 70, and 80; eye opening time; extubation time; and total consumption of analgesics during the PACU stay. Results: The mother's voice reduced the initial PAED score compared with a stranger's voice [mean (standard deviation), 9.8 (2.5) vs 12.5 (4.1); P¼0.002]. The incidence of emergence delirium during the PACU stay was higher in Group S than in Group M [60.6% vs 24.2%, odds ratio (95% confidence interval): 4.88 (1.7e13.9); P¼0.006]. The BIS >60 time was shorter in Group M than in Group S (P¼0.006). Conclusions: The mother's voice reduced emergence delirium scores and the incidence of emergence delirium in paediatric patients compared with a stranger's voice after general anaesthesia. Clinical trial registration: NCT 02955680.
Editor's key points
Emergence delirium is common after sevoflurane anaesthesia. Parents know that babies and children are easily pacified by the voice of their mother. The authors randomised children to be played the sound of their mother's voice or a stranger's voice. The sound of mothers' voices, played to children in the recovery room, reduced the incidence of emergence delirium.
Emergence delirium (ED) is a well-known early postoperative negative behaviour after general anaesthesia, which is reported in up to 80% of the paediatric population. 1 Although it usually resolves spontaneously, it can cause self-injury, dressing disruption, surgical dehiscence, and the removal of i.v. catheters, and can lead to difficulties in nursing and monitoring of patients. Moreover, children with ED are at greater risk of having a maladaptive behavioural change at up to 1 week after the surgery. 2, 3 Various methods have been investigated to reduce ED during the perioperative period; however, the results remain conflicting. 4e7 Amongst them, auditory stimuli were proposed as one of the simple and effective tools. 7, 8 One of the most powerful auditory stimuli, the mother's voice, induced not only enhancing involuntary attention, but also stronger activation of specific brain regions, than an unknown voice.
9e11
Taken together, it is expected that a mother's voice has a strong impact on both behavioural and neuronal responses in children. However, there are few studies on the effect of a mother's voice on her child during anaesthetic emergence. Therefore, we compared the mother's voice and a stranger's voice on a postoperative clinical course in paediatric patients after general anaesthesia.
Methods
This prospective, single-centre, parallel-arm, double-blind, randomised, controlled trial was approved by the Institutional Review Board (IRB) of Daegu Catholic University Medical Centre (CR-16-139-L), The protocol was registered at ClinicalTrials.gov (NCT02955680) before enrolment and published. 12 This trial was conducted in a tertiary university hospital between November 2016 and September 2017. We followed Good Clinical Practice guidelines and the principles of the Declaration of Helsinki.
Participants
Paediatric patients aged 2e8 yr with an ASA physical status (PS) of I or II, who were to undergo ophthalmology or otorhinolaryngology surgery requiring general anaesthesia, were enrolled. Written informed consent was obtained from all of the parents or the legal guardians of the participants at outpatient clinics or during preoperative visits before surgery. The exclusion criteria were as follows:
(i) ASA PS III or IV; (ii) presence of developmental delays or neurological diseases; (iii) deafness or hearing impairments; (iv) history of allergies or contraindications to the use of ketamine (increased intracranial pressure, open-globe injury, or a psychiatric or seizure disorder); (v) maternal mutism; (vi) absence of the mother.
Randomisation and blinding
Subjects were randomly assigned to listen to the mother's voice (Group M) or a stranger's voice (Group S) with a 1:1 ratio (Fig. 1) . A random sequence was generated using a computerised online tool (www.Randomization.com) and kept within sealed opaque envelopes by an assistant not involved in this study. On the morning of the surgery, the assistant opened a sealed envelope and prepared the recorded voice file according to the group allocation. The voice recorder was delivered to the operating room after the patient arrived and was connected to noise-cancelling headphones before surgical draping. Both the anaesthesiologist and outcome assessor were blinded to the allocation.
Anaesthesia
In the preoperative waiting room, patients received atropine 0.02 mg kg À1 and ketamine 1 mg kg 10 min before the end of the surgery. At the end of the surgery, all anaesthetics were stopped, and the neuromuscular block was antagonised with pyridostigmine and glycopyrrolate.
Intervention
Voice recording was done before the operation by an investigator who did not know the group allocation. In a calm environment, the mother or a woman who did not know the child was asked to speak the following sentences in her usual tone of voice:
'OO (name of child), wake up. Let's go home with mommy. OO, wake up. Open your eyes. Take a deep breath.'
At the end of the operation, the recorded mother's voice (Group M) or a stranger's voice (Group S) was delivered through the noise-cancelling headphones. The pre-recorded message was repeated with 10 s intervals, and the volume set to a normal speech level (50e60 dB) using a sound level metre. The patients were stimulated to wake up by light patting on the shoulder and the recorded voice. No other stimulation was allowed. After gentle suctioning of oral secretions from the oropharynx, extubation was carefully performed when the participants were able to breathe spontaneously and obey verbal commands. The recorded voice was delivered to the patient until he/she entered the post-anaesthesia care unit (PACU).
Data collection
An investigator who was blinded to the assigned group checked all measurements. When the patients arrived at the preoperative waiting room, the Modified Yale Preoperative Anxiety Scale (m-YPAS) was checked before premedication. 13 At the end of the surgery, BIS value and end-tidal sevoflurane concentration (ET sevo %) were recorded. Haemodynamic parameters such as heart rate (HR) and mean blood pressure (MBP) were checked at five time points: at the time of cessation of anaesthetics (t 0 ), time to reach a BIS value of 60 (t 1 ), time of extubation (t 2 ), time of PACU arrival (t 3 ), and time of PACU discharge (t 4 ). BIS >60, 70, and 80 times, defined as the time intervals from the cessation of anaesthetics until the BIS reached values of 60, 70, and 80, respectively, were measured. Eye opening or purposeful movement time was defined as the interval from the cessation of anaesthetics to eye opening or purposeful movement of the patient. Extubation time, defined as the interval from the cessation of anaesthetics until extubation, was also measured.
Upon arrival to the PACU, ED and pain scores were measured at every 10 min for the first 30 min. ED was measured by two methods, the paediatric assessment of emergence delirium (PAED) 14 and the Watcha scale. 15 Pain was measured by Face, Legs, Activity, Cry, and Consolability (FLACC) scores ranging from 0 to 15. 16 In patients with a total PAED score >12, a Watcha score >2, or a FLACC score >4 in the PACU, fentanyl 0.5 mg kg À1 was administered as a rescue medication and repeated if the agitation did not subside. Postanaesthesia adverse events, such as postoperative nausea and vomiting, excessive secretions, laryngospasm, desaturation, and the total consumption of fentanyl, were checked. When patients became calm and met a modified Aldrete score !9, 17 they were discharged and the duration of the PACU stay was recorded as the PACU stay time. The subjective satisfaction of the parents and the PACU nurse was measured just before PACU discharge on a 5-point scale as follows: 1, very disappointed; 2, disappointed; 3, so-so; 4, satisfactory; 5, very pleased.
Study end points
The primary outcome was the initial PAED score in the PACU. The secondary outcomes were the incidence of ED, which was defined as PAED score >12 or a Watcha score >2 at any time during PACU stay; the duration from the cessation of anaesthetics to a BIS score of 60/70 and 80 (BIS >60/70/80 time); the eye opening or purposeful movement time; and the extubation time. Other outcome measurements included haemodynamic parameters (HR and MBP), the total consumption of fentanyl, PACU stay time, and PAED, Watcha, and FLACC scores in the PACU.
Sample size calculation
The primary outcome was the initial PAED score in PACU. In our pilot study, the mean difference of the initial PAED score between Group M and Group S was 1.6 with a standard deviation (SD) of 2.19. To obtain an alpha value of 0.05 and a test power of 80%, 30 subjects were needed in each group using the formula that follows (Equation 1). Anticipating a 10% dropout rate, we estimated that 66 patients were needed.
Statistical analysis
An intention-to-treat analysis was performed, and missing data were replaced with the last observation carried forward method. Continuous variables are presented as the mean and the SD or the median and the interquartile range (IQR) according to the normality assumption using the KolmogoroveSmirnov test. Categorical variables are presented as the number of patients and proportions.
The primary outcome (the initial PAED score) was compared with an independent t-test.
All tests were two-sided, and P<0.05 was considered statistically significant. A statistician who was not involved in the data collection conducted all statistical analyses with SPSS software (version 19.0; SPSS Inc., IBM, Chicago, IL, USA).
Results
A total of 102 patients were assessed for eligibility between November 2016 and September 2017 (Fig. 1) . After exclusion, 66 participants were included and randomised in the study. Patient characteristics were similar between the two groups ( Table 1) .
The initial PAED score, our primary outcome, was lower in Group M than in Group S [9.8 (2.5) vs 12.5 (4.1); P¼0.002; Fig. 2 Table 3 ]. The eye opening or purposeful movement time was shorter in Group M than in Group S, but the difference was not statistically significant (P¼0.052).
Discussion
We found that listening to the mother's voice lowers both PAED and Watcha scores in paediatric patients after general anaesthesia, thereby leading to a reduction in the incidence of ED during the post-anaesthesia period, compared with listening to a stranger's voice.
A variety of pharmacological and non-pharmacological techniques have been used to prevent or treat ED 1, 7, 18 ; however, the effect is not clear, and there may be side-effects. Amongst the most typical behavioural therapies, playing handheld video games or watching videos has the effect of alleviating preoperative anxiety, 19 ,20 but they cannot be used for anaesthetised or unconscious children. In the case of pharmacologic interventions such as fentanyl, propofol, or dexmedetomidine, respiratory depression may be induced or recovery time prolonged because of its sedative effect. Parental presence in the operation room during anaesthetic emergence seems to be attractive, but there are many cases where this is not possible, depending on the setting of the operation room. The presence of the parents in the operation room can also be a psychological burden for the medical staff. 21 There are several studies regarding the effect of parental presence on children's anxiety before anaesthetic induction, with evidence that it does not reduce anxiety in either children or parents. 7, 22, 23 Bevan and colleagues 22 explained this phenomenon by suggesting that parents' anxiety during induction may be transferred to their children. Therefore, we recorded the mother's voice in a calm and stable situation before the surgery, and the recorded voice was delivered through noise-cancelling headphones with the intention of providing reassurance to the child. Because the mother's voice is a familiar stimulus associated with feeding and soothing, it can induce positive emotional responses to her child. Indeed, animal and human studies show that the association of negative emotions and the activation of specific brain regions such as the amygdala and hippocampus, might be diminished when the baby suddenly hears his/her mother's voice. 9, 24, 25 In clinical areas, the mother's voice showed positive physiological and behavioural responses, especially in infants and neonates. Doheny and colleagues 26 showed that the mother's voice decreased adverse cardiorespiratory events including episodes of apnoea and bradycardia in preterm infants. Moreover, the mother's voice reduced pain scores during arterial blood sampling in neonate intensive care unit. 27 However, to our knowledge, there has been no study on the effects of a mother's voice in regard to paediatric emergence after general anaesthesia. Our study seems similar to a study by Kim and colleagues, 28 roughly at a point that both studies measured the ED; however, there are large differences between our studies. The main difference is a type of anaesthesia and external stimuli. First, their study was conducted under modest sedation for cardiac catheterisation using only ketamine, while our study was done under general anaesthesia for ophthalmic and otorhinolaryngeal surgery using sevoflurane anaesthesia. Sevoflurane anaesthesia and ophthalmic and otorhinolaryngeal surgery have been known to show higher incidence of ED. 1, 8 Second, the quality of voice was not standardised, and the control group did not receive any auditory stimuli in the study of Kim and colleagues, 28 while our participants received the same dialogue which was recorded in a calm environment. Other major differences are the measurement tool for emergence status. Kim and colleagues 28 measured only a Watcha scale, while we measured multi-tools such as PAED, Watcha, and FLACC scores. Because the response to pain can be confused with ED, 29 Watcha score cannot differentiate pain-related agitation from other sources. According to the Diagnostic and Statistical Manual of Mental Disorderse4th Edition criteria, 30 three of five items involved in measuring the PAED scaledsuch as eye contact, purposeful actions, and awareness of the surroundingsdare important elements of delirium, which differentiate delirium from pain.
There are various clinical signs to evaluate the return of consciousness during emergence from general anaesthesia. Eye opening on command and an increase in BIS value exceeding 60 have been known as the representative signs of emergence. 31, 32 However, none of them alone was sufficient to assure 'a fully awake state'. When the patients first open their eyes in response to a verbal command, they may be in a transitional state between consciousness and unconsciousness. They can easily become unresponsive again, even after opening their eyes. Therefore, additional verbal commands such as 'take a deep breath', 'elevate your head', or 'hold a fist' are requested to check and maintain their consciousness. With regard to the BIS value, it is recommended that the BIS be maintained at <60 to prevent unintended awareness during general anaesthesia. 33 However, it does not always guarantee unconsciousness. In our study, BIS >60 time was significantly shorter in Group M than in Group S. The eye opening and (5), pleased (4), so-so (3), unpleased (2), and very unpleased (1).
extubation time trended shorter in Group M; however, the results were not significant. Possible explanations are, first, that because our study design was optimised to evaluate ED rather than recovery of consciousness, sample size is insufficient to show a significant difference; second, that the mother's voice alone was not sufficient to elicit full recovery. According to our data, the mother's voice shortened the time to a BIS >60; however, this effect was not extended to the times to BIS >70 and >80. It is presumed that although the mother's voice can stimulate the brain and leading to a response of consciousness in the early stages of emergence, it does not produce sustained stimulation once adapted. To confirm our presumption, further researches are needed. There are additional limitations to our study. Although the PAED scale is validated and is known to better reflect the presence of ED than pain, 14 its scoring system is subjective and may have within-observer variation. Because the PAED scale is consists of a multi-questionnaire, an observer may substantially lose consistency when he observes the same subject repeatedly. To compensate for this problem, we also measured the Watcha score, which is easier to score than PAED. In their study, Bajwa and colleagues 34 compared three scales for assessing ED in children; they reported a PAED score >12, and the Watcha scale showed maximal sensitivity and high specificity in detecting ED. Second, we did not measure the degree of the parental anxiety before operation. As we already mentioned, parental anxiety can be transferred to their children. 22 Third, we administered ketamine as premedication.
Ketamine may affect the BIS values regardless of anaesthetic levels. Although the duration of action and the effect on BIS might disappear at the end of the surgery after initial ketamine administration, 35e37 we cannot completely exclude it because of the metabolite of ketamine or individual variation.
In conclusion, ED scores and the incidence of ED were decreased in paediatric patients who heard their mother's recorded voice during the emergence period. Mother's recorded voice is a simple, costless, complication-free, and practicable technique for the prevention of ED in the paediatric population after general anaesthesia. 
